Deficiencies of multiple micronutrients are prevalent among women of reproductive age and young children, and represent a risk factor for increased morbidity and mortality in these women and children. The role of multiple micronutrient supplementation during pregnancy and early childhood has been evaluated in randomized trials. Multiple micronutrient supplementation during pregnancy has a positive effect on birthweight and reduces prevalence of low birthweight and small for gestational age babies. It had comparable effects on prevalence of anemia regarding iron-folate supplementation. Multiple micronutrient supplementations in children have been shown to improve linear growth, weight, hemoglobin, serum zinc, serum retinol levels and motor development. Some of the most commonly used strategies to deliver multiple micronutrients include powders (e.g. Sprinkles®), crushable tablets (e.g. Foodlets), etc. Multiple micronutrient supplementation during pregnancy and early childhood seems to be an effective way of prevention of micronutrient deficiencies and has a significant protective effect against adverse outcomes related to their deficiencies. Their use on a larger scale should be considered to improve the survival and decrease morbidity and mortality in children and women.
increased metabolic requirements, and intake of key micronutrients by pregnant women especially in developing countries is usually inadequate. This inadequate intake and increased requirement during pregnancy further exacerbates the preexisting maternal deficiency [5] . The resulting micronutrient deficiencies may lead to potentially adverse effects on the mother such as anemia, hypertension, complications of labor and even death [6] and adverse perinatal outcomes such as low birthweight, small for gestational age and preterm birth [3] . The time from conception until the age of 2 years is the most critical period for any child. During pregnancy, maternal malnutrition (macro-/micronutrient) can adversely affect the birth outcomes. After birth, if exclusive breastfeeding is not practiced during the first 6 months of life or if the solid foods introduced after that period are nutrient poor, young children are likely to suffer vitamin and mineral deficiencies [4] . Table 1 shows daily requirement of some of the micronutrients according to different age groups. Figure 1 shows the consequence of mineral and vitamin deficiencies during the life cycle [7] .
Globally, about 1.62 billion people are anemic, with the highest prevalence in preschool age children (47%) and the second highest in pregnant women (42%). For pregnant women, over 80% of the countries have a moderate or severe public health problem [8] . According to the latest report of the WHO, globally about 190 million preschool age children and 19.1 million pregnant women are vitamin A deficient (i.e. serum retinol <0.70 μmol/l) [9] . Approximately 100 million women of reproductive age suffer from iodine deficiency [10] . An estimated 82% of pregnant women worldwide have inadequate intakes of zinc to meet the normative needs of pregnancy [11] . Suboptimal vitamin B 6 and B 12 status has been observed in many developing countries [12] . Deficiency of micronutrients is a risk factor for increased incidence and severity of infectious illness and of dying from diarrhea, measles, malaria and pneumonia [13] . Data from intervention studies have shown that unsupplemented vitamin A-deficient children have increased risk of diarrhea mortality (RR 1.47, 95% CI: 1.25-1.75) and measles mortality (RR 1.35, 95% CI: 0.96-1.89) [4] . Similarly, risk associated with zinc deficiency for children below 5 years is RR 1.27 (95% CI: 0.96-1.63) for diarrhea, 1.18 (95% CI: 0.90-1.54) for pneumonia and 1.11 (95% CI: 0.94-1.30) for malaria [4] . Anemia during pregnancy is a risk factor for maternal mortality [14] ; however, anemia in childhood has not been shown to be associated with an increased risk of mortality [13] . However, it is well established that anemia during childhood can adversely affect the developmental outcomes [15] . Evidence suggested that iron deficiency anemia accounted for a loss of 1-2 intelligence quotient points [16, 17] . Iodine deficiency has adverse effects on both pregnancy outcome and child development, and it has been shown that chronic iodine deficiency can lead to a 13.5 point reduction in intelligence of the affected population [4] . Table 2 presents the number of deaths and disability-adjusted life years lost to micronutrient deficiencies. Given the significant impact of deficiencies of key micronutrients during pregnancy and early childhood [4] , there has been an increased interest in supplementation with multiple micronutrients, and supplementation with multiple micronutrients during pregnancy may be a feasible public health strategy [18] . The purpose of this chapter was to summarize the current evidence on strategies of multiple micronutrient supplementations during pregnancy and early childhood. A literature search was conducted on PubMed, Cochrane library and WHO/UNICEF databases.
Maternal Micronutrient Supplementation during Pregnancy
Many workers had attempted augmentation of iron-folate supplementation in pregnancy with additional micronutrients, but the first systematic efforts to undertake this were almost a decade ago [5] . In 1999, the UNICEF/WHO/ UN University proposed a prenatal supplement UNIMAPP containing fifteen micronutrients, including iron and folic acid which could provide one recommended daily allowance of each and potentially replace standard iron-folate supplements for pregnant women in low-and middle-income countries [19] . A Cochrane review on the subject [20] indicated that iron-folate and multiple micronutrient supplementation had a comparable effect on maternal anemia and a significant effect on incidence of low birthweight babies and small for gestational age babies ( fig. 2, 3 ). Another systematic review was undertaken by a team commissioned by UNICEF/WHO/SCN which analyzed data from 12 trials using the UNIMAPP formulation and evaluated effects on maternal and pregnancy outcomes [21] . The pooled results had shown that multiple micronutrient supplementation was associated with an increase in mean birthweight (mean difference 22.4 g, 95% CI: 8.3-36.4 g), a reduction in the prevalence of low birthweight (odds ratio, OR = 0.89, 95% CI: 0.81-0.97) and small for gestational Risk ratio IV, random, 95% CI Risk ratio IV, random, 95% CI Heterogeneity: Tau 2 = 0.00; Chi 2 = 10.96, df = 13 (P = 0.61); I 2 = 0% Test for overall effect: Z = 4.97 (P < 0.00001) Fig. 3 . Multiple micronutrient supplements during pregnancy: effect on incidence of small for gestational age babies [20] . age birth (OR = 0.90, 95% CI: 0.82-0.99), and an increase in the prevalence of large for gestational age birth (OR = 1.13, 95% CI: 1.00-1.28). There were no significant effects of multiple micronutrient supplementation on birth length, head circumference or the duration of gestation [22] .
Recently, there has been interest in prenatal food supplementation with both macro-and multiple micronutrients. A randomized trial from Burkina Faso has shown that combined supplementation with balanced protein energy macronutrient and multiple micronutrient has more pronounced effect on birth length compared to multiple micronutrients alone [23] . An effort should be made to reproduce results of this study in other parts of the developing world as deficiencies of macro-and micronutrients coexist.
Prenatal Multiple Micronutrient Supplementation in HIV-Affected Populations
Observational studies have demonstrated an association with low biochemical and dietary levels of micronutrients and increased risk of mother to child transmission (MTCT) in HIV-infected mothers [24] [25] [26] . However, a review of randomized trials by Mills et al. [27] showed conflicting evidence without strong evidence of benefit or harm on micronutrients. The review included three trials on vitamin A, of whom two suggested no difference in MTCT, while the third and largest trial suggested an increased risk of MTCT (RR 1.35, 95% CI: 1.11-1.66, p = 0.009). Two of the vitamin A trials addressed the impact of supplementation on preterm delivery; one suggested a benefit (RR 0.65, 95% CI: 0.44-0.94) and the other no difference. Two of the included trials looked at multivitamin use, and one reported data on MTCT with a non-significant relative risk of 1.04 (95% CI: 0.82-1.32). There was no significant effect on preterm delivery or child mortality at 1 year [27] .
Multiple Micronutrient Supplementation among Children at Risk of Deficiencies
As deficiencies of important micronutrients like iron, zinc vitamin A, etc. are prevalent in children in developing countries, efforts have been made to supplement infants and children with multiple micronutrients [28] . A review by Ramakrishnan et al. [29] based on 20 randomized trials has shown that multiple micronutrient interventions improved linear growth (effect size 0.09; 95% CI: 0.008-0.17). Another review by Allen et al. [28] has shown that in children, multiple micronutrient interventions resulted in small but significantly greater improvements in length or height (effect size 0.13; 95% CI: 0.055-0.21) and weight (effect size 0.14; 95% CI: 0.029-0.25), hemoglobin (effect size 0.39; 95% CI: 0.25-0.53), serum zinc (effect size 0.23; 95% CI: 0.18-0.43), serum retinol (effect size 0.33; 95% CI: 0.050-0.61) and motor development. In addition to these benefits, multiple micronutrients have a beneficial effect on mental development of children. A review by Eilander et al. [30] has shown that multiple micronutrient supplementation during childhood has a significant effect on academic performance (effect size 0.30 SD, 95% CI: 0.01-0.58). There was however no significant effect on fluid intelligence (effect size 0.14 SD, 95% CI: -0.02 to 0.29) or crystallized intelligence (effect size -0.03 SD, 95% CI: -0.21 to 0.15).
Delivery of Multiple Micronutrients to Pregnant Women and Children
Several strategies have been applied to deliver multiple micronutrients to pregnant women and children [31, 32] . Table 3 gives composition of some of the products delivering multiple micronutrients [33] . Sprinkles ® are the most extensively studies product among these, and consist of sachets containing micronutrients in a powdered form, to be sprinkled onto a portion of food just before it is consumed [34, 35] . Crushable or chewable tablets (Foodlets) are multiple micronutrient tablets that can be easily dissolved in a small amount of liquid, or crushed and added to foods [36] . The other micronutrients packages in table 3 have been used at different location; however, the efficacy of some of them needs to be tested in randomized trials.
In pregnant women, different approaches have been used for increasing maternal intake of multiple micronutrients [37] . One of them is to improve dietary quality, which in many situations might require increasing consumption of animal source foods, fruits and vegetables.
In some situations, well-designed nutrition education programs can improve dietary quality and pregnancy outcome [38] . Other approach is to provide multiple micronutrient supplements (described above) to women during pregnancy. In the Cochrane review on the topic that included 17 trials, 7 trials enrolled participants in the first trimester of pregnancy, one when participants were <28 weeks of gestation, 3 trials enrolled in the second trimester, 2 trials enrolled in both second and third trimester, whereas 3 trials enrolled pregnant women who were less than 37 weeks of gestation [20] . In all the included studies, micronutrients were given in the form of supplements, except one study that used fortification for the delivery of micronutrients.
In children, the most commonly used approach is the home fortification of complementary foods. Dewey et al. [31] has reviewed home fortification strategies of complementary foods. Home fortification was highly effective at reducing iron deficiency and decreased the prevalence of anemia by half. There was no effect on growth with micronutrients only; however, there was a significant effect when micronutrients were combined with a small amount of energy (including fat and protein). These results were based on the pooled data from two efficacy trials in Africa [39, 40] . Home fortification also had a beneficial impact on morbidity in high-risk populations in some studies; however, there was no overall significant impact. Acceptability of home fortification by caregivers and young children was high, and side effects were rare [31] .
Side Effects
There is considerable debate on the potential adverse effects of providing multiple micronutrient supplements during pregnancy with a concern about an increase in neonatal mortality in less developed health systems that have suboptimal maternal care [41, 42] . There are a few studies that reported mortality beyond the neonatal period with maternal multiple micronutrient supplementation. Christian et al. [43] reported infant deaths (0-3 months) in the multiple [44] in the considerably larger SUMMIT trial, reported a statistically significant 18% reduction in early infant mortality (0-3 months) in the multiple micronutrient group compared to iron-folate (RR = 0.82; 95% CI: 0.70-0.95; p = 0.010), with comparable results for postneonatal mortalityfrom 29 to 90 days after birth (RR = 0.70; 95% CI: 0.55-0.89). A pooled analysis in a review for Live Saved Tool [45] showed a non-significant overall effect on neonatal mortality (RR = 1.17; 95% CI: 0.95-1.44). However, a subgroup analysis based on provision of skilled attendance at birth showed that there was an increased risk of neonatal mortality in places where most of the deliveries were conducted at home ( fig. 4 ). There was no increased risk in settings where the majority of births took place at facilities. These findings suggest that the use of multiple micronutrient supplements in populations to address maternal anemia and reduce the incidence of small for gestational age must be accompanied by the provision of skilled care at delivery and facility births to offset any potential increase in the risk of obstructed labor and birth asphyxia [46, 47] . As different strategies are being evaluated to supplement children with iron to prevent anemia, there are concerns about increased risk of severity of infectious disease in the presence of malaria and/or undernutrition [48] . Given the reported increase in malaria-associated morbidity following the use of largescale iron supplementation in Zanzibar, the entire rationale for blanket iron supplements in children has been questioned [49] . Nutrient interactions, especially in complex formulations, are another area for study as they may hinder absorption of some nutrients [50] .
Conclusions
Multiple micronutrient supplementation during pregnancy and early childhood in populations at risk is an effective way of prevention of micronutrient deficiencies. Although preparations and modes of administration differ and there are uncertainties around interactions, such strategies have protective effects against adverse outcomes associated with micronutrient deficiencies.
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